In our measurements the sensitivity to the N 2 gas molecules are reversible with a time response limited to purging / pumping speed. Therefore, the binding between the monolayer Transition Metal Dichalcogenides (TMDs) and N 2 gas has to be physi-sorption in origin. We have calculated the electronic band structure of monolayer MoS 2 in vacuum and N 2 rich environment before / after introducing the chalcogen vacancies. The binding energies of the N 2 gas molecules to monolayers were given by E b =E MoS2+ad -E MoS2 -E ad where E MoS2+ad is the total energy of relaxed structure of single layer MoS 2 and a N 2 molecule, E MoS2 and E ad are the total energies of single layer MoS 2 and N 2 molecule, respectively. Our calculations on monolayer MoS 2 were performed on 4×4 supercell including the spin-orbit interaction and magnetic
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I. Density Functional Theory (DFT) Calculations: Effects of various S-vacancy configurations.
In our measurements the sensitivity to the N 2 gas molecules are reversible with a time response limited to purging / pumping speed. Therefore, the binding between the monolayer Transition Metal Dichalcogenides (TMDs) and N 2 gas has to be physi-sorption in origin. We have calculated the electronic band structure of monolayer MoS 2 in vacuum and N 2 rich environment before / after introducing the chalcogen vacancies. The binding energies of the N 2 gas molecules to monolayers were given by E b =E MoS2+ad [2] [3] [4] [5] [6] , graphene nanoribbons [7, 8] , two-dimensional graphane [9] and graphane nanoribbons [10] give rise to crucial changes in the electronic and magnetic structure. and further relaxation (radiative recombination) from these levels to VBM results in a new PL peak that is below the band edge luminescence. We first note that mono-chalcogen (S), dichalcogen (S 2 ) (on both sides of MoS 2 ), and Mo vacancies introduce energy levels that is at least 0.4 eV below the band edge. However, these bands lay 0.2 eV below the CBM for MoS 2 with dichalcogen vacancies (same side). We believe that the new PL peak appearing 0.15 eV below the free exciton PL at 1.9 eV is associated with the same-side di-chalcogen (S 2 ) vacancies whereas other types of vacancies only cause overall broadening in the bound exciton peak.
Even though the same-side di-chalcogen vacancy provides an explanation for the peak position of the bound exciton peak, the bound exciton peak is only observable under N 2 gas conditions. For each vacancy defect, we carried out geometry relaxations for at least five different initial N 2 absorbed geometries to find the energetically most favorable absorption site. 
